Abstract. The need of literacy intervention and of tools for deaf people is largely documented in the literature of deaf studies. This paper aims at eliciting the interests of HCI researchers and practitioners alike on the creation of more intelligent web tools for the literacy of deaf people. Our paper overviews several e-tools for the literacy of the deaf, and it assesses them according to the user centred design methodology. It concludes with a proposal, namely, a first set of guidelines for designing usable e-tools for deaf people, and calls for a debate on the need of a deaf user centred design.
Introduction
The reading delay of deaf people is largely documented, e.g., see [15, 17, 18] . However, their literacy in a verbal language (VL) is varied and can depend on several factors [12] . Recent research in information technology has concentrated on the creation of e-tools for sign languages (SLs), notably, e-dictionaries [2]-roughly speaking, an SL is a gestural-visual language with signs as lexical units, whereas a VL is an oral-auditive language with words as lexical units. Information technologists seem to be paying less attention to the development of e-tools for improving deaf people's literacy in VLs (simply literacy, onwards). However, the latter is also a critical issue, as substantiated by linguists and psychologists working in deaf studies, crucial for the integration of deaf people into the hearing society.
When it comes to designing for people with disabilities, the popular terms are "adaptive" and "assistive". To the best of our knowledge, nowadays there are no standard usability guidelines specific for designing and developing web tools usable by deaf people.
Our paper describes several e-tools for the literacy of the deaf, reviewing them according to the user centred design methodology (UCDM) [3, 20] . Why the UCDM? Deaf users have unique and highly variable characteristics, which depend on several factors, such as the degree of deafness, different language instruction methods as well as the level of socio-cultural integration; classifying deaf users as well-known user types is difficult.
The UCDM can be helpful in this respect; it places the users at the centre of the design process; a web tool becomes then truly accessible by deaf users if it is usable by them, being designed and evaluated iteratively with deaf users. Moreover, the UCDM foresees multidisciplinary competences, and a literacy e-tool for the deaf usually require them, for instance, the e-tool may demand the competencies of linguists that are expert of deaf studies. This paper also serves to substantiate such claims.
Supported by the findings of deaf studies, our own experience and the review of etools for the deaf, we conclude this paper with a challenge: building on the UCDM, we advance a first set of guidelines for designing usable literacy e-tools for deaf people.
A Review of Literacy E-Tools for the Deaf
This section reviews some e-tools for the deaf, selected because they are web tools, or they include artificial intelligence techniques or technologies, or they adopt user design methodologies. An orthogonal and equally relevant criterion for our selection is that the review should cover diverse literacy aspects, ranging from word knowledge to global reasoning on texts. Table 1 offers a bird-eye view of the tools, and it assesses whether the tools are meant for children or adults.
Description of the Tools
CornerStones is a tool for teachers of early primary-school children who are deaf, or have visual learning capabilities and literacy problems; see [11, 4] .
LODE is a web tool for children who are novice readers, primarily deaf children. It tackles the global comprehension of written stories, by stimulating children to correlate events of the stories through apt exercises. The exercises are created and resolved in real time by means of a constraint programming system; see [8, 10] .
SMILE is not an application for improving the literacy of deaf children, instead, it helps them learn mathematics and science concepts; see [1, 16] . SMILE is mentioned here because it adopts the UCDM.
The primary goal of ICICLE is to employ natural language processing and generation to tutor deaf students on their written English; see [14, 9] . At the time of writing, an ICICLE prototype was not available, hence we could not test it.
MAS (Making Access Succeed for deaf and disabled students) was a project for improving the reading comprehension of deaf signers; see [7, 13] . SIMICODE 2002 (SIMICODE) is a web tool developed within MAS. The tool is made up of thirty hypertexts related to ten themes; a human tutor is necessary for the feedback.
Finally, we analyse some e-dictionaries for deaf people; there is quite a literature on e-dictionaries for SL, which impels us to include them in our review although they are not, strictly speaking, e-tools for the literacy in a VL [2] . Here, we confine our analysis to three case studies, chosen because: they are bimodal dictionaries, that is, dictionary from a SL to the VL of the same country and vice-versa; they are for the web, or adopt a user centred design, or are intelligent.
MM-DASL (Multimedia Dictionary of American SL) was conceived by Sherman Wilcox and William Stokoe in 1980; see [19] . Albeit it was not a web dictionary (at the time of the creation of MM-DASL, the web was not an option), it was a pioneering work in the world of e-dictionaries, and its interface is intelligent.
Woordenboek is a web bilingual dictionary for Flemish SL (VGT); see [21] . Users search for a sign by selecting its sign components. However, users are not expertly guided through the definition of the sign (i.e., there is no artificial intelligence in the
